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- ^ w >M n ^ ^ ^ >M ^ t ^ ^ ^ a 

^ ^ » ^b ^ -i-^ # n ^ yn nc^^ i^ ¥ "It yM WB:> 

Ej -g- 1^ H ( >a ii ^ -I- 1^ It ) ^ ^ t ^ ?'J ^ ^ 

^m^^ ' ^ & ^^^'^ ^ n " ' ^ # M t >^ 

^g. it >iL ' iT& J. ^ 'fS. it t >^ ^'J ' J-X >^ 1^ ^ ife IsJ -i- tfl. 

m ^ m^^'k-yMf^n^itf^^'^yMf^n^'^ ^ ^(tap) ^ 

^giittfl.^ist:sg.-t^^*^^®^ ° 



(^B^j^^^ : Hardware reduction method for digital echo canceller 
or near-end crosstalk canceller. ) 



Hardware reduction method for digital echo 
canceller or near-end crosstalk canceller. The 
method first performs a process upon a serial of 
signals being transmitted to the echo cancellers 
(and the near-end crosstalk cancellers) by 
sampling the signals with a frequency divided by 
times (N is interger). An process is then 
performed upon the series of signals being output 
from the echo cancellers (and the near-end 
crosstalk cancellers) by sampling the signals with 



N 
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(^^^^# ' Hardware reduction method for digital echo canceller 
or near-end crosstalk canceller.) 

a frequency multiplied by N times to generate a 
serial of output signals. After that, a low-pass 
filtering process is performed upon the serial of 
output signals to generate a low-pass filtered 
serial of signals. The invention can reduce the 
number of taps used for the echo cancellers and 
near-end crosstalk cancellers. Therefore, an 
occupied area used for the echo cancellers and 
near-end crosstalk cancellers in a communication 
integrated circuit can be significantly reduced. 
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i ^ #8^18,^ (1) 

m m ^ - ^^'i ^ ^ ^ ^'^ ^ ^ ^ ^ ^ 

H . ^ 1^ 5t IsJ tfl >JL ii # -t- ^ ^ ^ • 3. n 

\ ^ - ^ 1^ 'fe." -g- n ^ fsfe * -i- 1^ If "t ^" ^ 

^iam,^M.t ' m^t-ki^^^^ E (transceiver) ' 
^^^^i^^m^^ " 'It^^^*^^ H (transmitter ' ^ 
^gTX) «)^ H (receiver ' SRX) ^ ^ - ffp * * jS. ^A. 

(hybrid) € iJS- ^ ^ # ^Bc # E • tt ^ ^ ^ 1 ffl ^ ^ » 

108, : ffij3ti>^«l^#lll04^^#ill:llllOA^«ltllll2 « ^ii 
"Bt ^ 11102 ^ ^ H 104 ^ Pal ' a .*^i(cable)l 14 

^ i% ^ o , ii .j^C # ^ 1 02 ^ ^ i'J >a t 5S-1 1 6 ; flq 

it •l^ ^ 11104 1^ ^ $'J >S. >iL « 5S-1 18 - i^i^ "l^c^ ^102 ^ 

^jt € SS-1 1 6 ^ ^ -It - ^0 B^a >^ t ' ,1b a^a >l it # ^ ^ ffi 

#L -fit tfl. Ife >4 S(digi tal signal process ♦ ^1^DSP)&fjit 
m ^ ft t S8-(integrated circuit ' ^^IC) • ' ^ 

*^>Bc^^l04>SL';S.>iLt5«-118Hb-#-|l^^>i5t-'®^9>5 t - >ST 

' iis^>lt#^102t&0#illlll06 ' ^ mtn.^ 
* ,^114 > i?Q # iH $<J ^ ^104 t 6<j ^ 11112 - 

I^^iit ' ^i^»j^#lll04t6?i#ili^ll0 ' ^b-t-il^tfl^.^^* 
,^^,^114 ♦ t?n # $'] ii # H 1 0 2 t 6^ ^ •l^ it 1 0 8 - 




i > ^mt^m (2) 

# 11104 . ^ ^ ^ ^ ^il 14 ^ =4 -l^c # H 104 ^ Pal 6<j fa ^ 

yf; G£ ie. ♦ M'j ^ EJ -I- (echo) m 1^120 » ^ ® ^ tfl 

M:120 # ^ •l^^^ itl02 t ^ "lie 11108 ' rTq ^ ^ 

108-t')lf^*^®-^^^120;f£.^^«:6*i#m » ^ T 
EJ -g- m m2Q ' S lib ^ ^ ffl ^ 1^ ^(echo 

canceller ' ^EC) » ^ - ^EC ' n ^ ^2 M ^ ^ 

• ^EC M #. ffi °r ^ ^ * ^ ^ 

impulse response ' ^1 ^FIR) ^it ^ <» ^ ^ 2 ® t ' 
(x°, x'. x2, x\ x") ^EC ^ m ^ ^ ' ^ ^(202 > 
204 ^ 206 >208 I'J210).^l^i€€28-' ffl^J^3t$^>^f^*^ 



.3 . 5,jcN ^ ^ ; i?q(z<' , , z\ z\ z" ) 



^EC 6fj ^ ^^^ t >^ ' iib ^ ^l^ t >^ ^ * ^ ^ ® 
-l-mf!; • *^3^i«SEj-^t«.^i20m#^6^i^^^'^'^^^ 

^120 ' ^/t i-X f :5lEC -t-^^^f-^^^^ 5l(tap) ^ 9 - 
ifc^h ' io^iii^4t-^^102t6^J#i^lll06^/f#ili6^}tn 
^ ' #^J^^i^-#^ ^(wire) ' mS4^>t^^ 

(crosstalk) Sfc>!^ - ^^-g-^mt ' J-XiiiSfe^-f- 
( near-end crosstalk > #NEXT) m!^^^.^^ » ^'l^l 
®^/t^7F ' BI>^^-|-^>!S^J.^6^iii^^-^^fl^l22 ' % 
^ -I- 1^ i§ (near-end crosstalk canceller ' 
^4NC) ^■i-l^'' ffijW^nfii, - ^NC ^ # ^ ^2 ® ^9 IS] - 
0 jib ' f ^NC sl( tap) ^ a » 
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i ' ^^Ht^^H (3) 

rfn ^fi A -e^ ^ ^ ♦ ^ ^ ^ ^ ^ >i ^ ^. 

>^ A ^ 

# ^ ;^ itb > 4^ # il: d} - ^ 1^ ^6. © -i- 1^ It ^ ^ ^ ^ 

^ a 'fg. ' @ lib ^ /i^ iJ'^ -i- 1^ ^ ^ ^ ^ ^ ^ ^ 

^ It ^ t # >^ ^'J ^ ^N(N ^ JL ^ ^) 1^ M ^ - ^ ^ 
# l=J 1^ II ^ itJ t ^14 ^ ^ ^ M ^ # ' ^ 

^ M * ^ >^ " ^ ^ ' M f- >^ ^'J 'f^ ^ ' 

i?r» ^ ^ 'fg. it W # >^ " 

^ # - * «fe ^?'J t ' N 1^ M ^ #- ^ >^ ^ ^ 

4^ # 6*1 - ^ ;5fe #J t ' it t # >^ ^'J ^ 1^ ^ 

iHj -|- m - 

^ ;^ # 6^1 - ^fe ^^J t ' iH- ^ M W # >^ ^ -fS. it ?^ 

i& • ^ ^ ^ 't ^ ^ ^'l ^ ^ ^ ^ ^ ^ ^ 

^ o ^g. it it ^iL ^ 6ij m M # ^ ^ ^ t # ^ ?'J ^ ^ ^ 

6*jl/(2N) » 

^ 4^ # 6^, - ^?.J t ' Jib :«r >i: ffl :!?^ >I^C # ^ t 6ij ^ 

•lie H - 
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i ^ -^B^tfcB^ (4) 

;^ ^ ^ m ^ - t <H ' 13 -g- 1^ H # ^ ffl ^ Pf< ^ 




^ m ?t >^ it " 

;^ # iS ^ * - ^ 1^ -IS. ♦ 1^ ^ t ^ ^ ^ ^ 9 

" ^ ^ ^ m ^ ^ n ^ ^ ^ 

o ^ ' t # >^ -fS. it it • ^ A ^ i^^^ 

# >^ ?'J - 

^ - ir ^fe ^j-j t ' N 1^ M ^ m ^ i-x 1^ «^ ^ 

^ ;^ # tKj - * «fe t • >fg. it W >^ « J-^ 1^ ^ 

j<5fe ^ -t m ^ » 

^ 8^ 6<j ^ - * ^fc t ' n ^ m n ^ ^ ^u^^^^ 

>^ ' ffii it W ^ ^ ^'J ^ ^ ^ ^> ^ ^ ^ ^ 

i^m.}M. >^ m ^ ^ jtm ^ ^ m ^ ^ ^ ^'i ^^^^^ ^ 

6fjl/(2N) -fg- « 

^;^#B^^Kj^-*^fe^Jt ' it ^ "Br m n ^ m ^ 

M^m ^ M }^ 7^ n " 

>f^. EJ -i- 1^ II >5t ^ ^)^' 1^ It ^ ^ ^ ^ a ' ® 

itb ^ >m ^J'^ Ej -i- 1^ ^ ^ ^ * ^ ^ ^ '^'^ ^ ^'^^^ ^ 
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i ' ^<iBnm (5) 

>f4 4^ 6fj ® ^ - 

"a^ M ^ ti . T X 4*"^ -fi * ^fe^^'i ' SE. >^ m W^ il ' # 
^ tJL T : 

$ # 7G # # ^ • 
102 : itf^ n 
1 0 4 : it "1^ ^ 
106 '110 : # iH ^ 
108 '112 : a 
114 : m.^ 
1 1 6 ' 1 1 8 : >^ >il 
1 2 0 : it iHj -i- m II; 
122 : ^ -g- m M. 

202 - 204 > 206 - 208 -210 : % 
302 - 408 - 506 : it ?>t ^il II ( L P F ) 
3 04 : m bb ^ *L -flL # ^ (ADC) 
306 - 402 - 502 : EJ -I- 1^ ^(EC) 
308 : # >fb ^ 
310 : i3!7 >5 H (si icer) 
404 : 2 ^ f^m ^ Si 
406 '504 : 2 ^ ^ m ^ M. 
*l -fi m ^J-J : 

>fb ' # ^ ^ -fi lr «fe # a 1^ >fg. -i- >^ 1^ 

ii(EC)t^^it*ta6^^>* ' m ^ ^ >M n ^ 




L > i^rmttm (6) 

@ » ^ .Ifc ^108 ^ 'fe. it it ^iL ^(low pass f i Iter > ftl ^4 
LPF)302 > ^ tfc 5- tt'fi^i^ ^(analog to digital 
converter > ft1^4ADC)304 ^EC(306 ) ^ ^-fb^SOB ^ a A 

^ ^(slicer)310 " U^^l ffl ^ # iH H 1 0 6 # iH 6^TX m 

11302 #fs/2 6fj jL(cutoff) M # ' ^ * ^ ^ ^'J 

m !!)!; ^ M ^ A ;!rf f s/2 ;t # ' JJ* i€ it # ^(aliasing) 

' m J-^ ^t ^iL li >^ ^ ^^ant i-al iasing) 



0 jlfc ' EJ 



-g-mM;-t!:**#fs/26<jM^ - *^3@I°r^° ' 
EC(306) # ffl ^ 1^ ^3 tH. ^ ' ff^ #EC(306) ¥j ^ ^ M ^ ^ 

^ ffij . ^ ^g. it >^ 11 302 m Jh M ^ ^&N(N ^ iL ^ 

1^) >f&( -r J-X 1^ ^) ' ^ ^ ^ 6*1 - ^ ^ * ^fe t ' ^ 
>^ P302 jL M ^ 1^ -1^.2 ^( 5P jt M ^ s/4) » it 

T Bf m # j i tter) » H * -fg. it ?t ^ 302 6<j m 

^fs/A o it « 'It T . EC(306) &f) # -f^ M ^ ^ '-i^^ ^ 
fs ' ^ffq^:^6fj^ . EC(306) # ^ ^ ^ ^fs/2 ^ » 
tt B3 ^ 4 ® ' ^ 7F &fj ^ 1^ ^S.EC # -f^ M ^ ^ f s/ 2 
:^EC ^ ^ i^m « lib >5- i4 SI a :J§EC(4 02) ^ 2 4^ 1^ #1 ^ ^ 
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i ' #B^tJt^ (7) 

(404) ^2'f^f^M^^(406) > tX>SL^g.it?^>^l§408 - *t 




m jL M ^ ibf s/4 ° ffij I^^S.EC # ^-^ M ^ s/2 ^ ^ ^i:" ' -i- 
^ .2^l^^^^(404)#S^EC(402)^^itl t#^?'J 

(z«, z', z2. z^, z") it e2 ^ 1^ M ^ # ^ ^* ^ 

(decimation)) ♦ flij >t ^ 1^ M t # >^ ^'J ( z» , z^ . •••) - » 
2 ^ ^ M ^ £(406) 1^ ^ t # ^ ?'J(z», z2. •••) it ^2 >fS^ fh 

M #.( ^ >^ 1^ ^(interpolation)) ' fln J. ^ ^ M # 
>^ ?'J(z». 0, z2, 0, •••) • ' it >^ ^ 408 # irt ^ t # 

>^ ?'J(z», 0, z2, 0, — ) ^ -fg. ii. it ' ifij # M # A :^?^f s/4 6«j 
^ ' JJA ^ :t -fg. it t # >^^'J ' ^ >M ^ ^ ' 
■ *^4ffl^-fJT^^° ' ^ ^ ^2 m ^ M-C^O^) ^ ^ ^ 

EC(402) ^m^^^^^'l^^ ' -^Ir*-^^^ -[^£0(402) # ^ M 

# ^ 1^ >fg,EC t-^^lt^a :^ }i: ' ;s;t*«fe6fi-^^iir^fe 
-f?'] ^ :^ i)^ Bl ° lib ^ i4 ffl ^ ^EC(50 2 ) - 2 ^ m ^ % 
(504) > J-X ^ ^f^ ig. 2*. ^ 506 - ^ t it it >iL 11 506 ¥j ^ jt 

^ . ^ nEC<ib02) t n ^ fUx\x\ xK •••.xN)5t^ 

^ '2'f&^^I^£(504)-#' *hEC(50 2) ^ ^ li} # ^ 
(z°. zS •••) ' s^n2^ ^ ' flo>a^^mt#>^ ?'J(z°. 

0, z2, 0, •••) » ^ ^i. ' >fg. it >t 11 506 *h ^ M W Jl4 >^ ?'J(z», 
0, z2, 0. •••) -fg. it it iil ' ffij it # M # A ^Jr^f s/4 ♦ a 
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i > -^B^Utafl (8) 

g. ^ ^ n ' ^ ^ ^ t\L^ ^ m^f^m^^^t 

^ ^ ^,j(xO, x2. •••) ^ ^ # M ^ ^ s/2( ^ ^ «B 

^ ^2 ^) ° * ^ 5 ® ^ ' '^4 it € 58- 6«j ^ 9 tb t 4^EC t 
^ it € 58- ^ a 'f^ - ^ ' ^ -f^^ ^( > c2 ^ c3 ^ f'J 
c(N/2)) 6<j a -tfe. tb ^ *o 4lEC t 4:- # tL(c» ^ c2 > ^ $'JcN) 
6^^ai^>fg.-4-'^ JJAEC(502) ^ ^ ^ a # tb f *o 

^ i^'^^ ^ ^ ^ ^^^^ ^ ^ ^ ' ^ 

1^ ^(NC) ^^m.^ n ^ ^ ' m#$'J 6^NC ^ ^ ^ ^ 6^1 

a -i}r> ^ bb f ^NC 1^ ^^ " 

Ji ^ i|t ' W ^ I^^Aiii^fe^^>^'l^ 

iib ^ -i- n -s- ^ ^ ^ ^ 1^ ^ ^ ^ 'f® it mic ji /^/T 

^ ^ ® ° 

^ m m ^ ^ ^ ^ ' ^ ii # « i-:^ 
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^ 3 ffl '^f if^ ^ \ m ^ mio s'^':^ m > 

m ^ ^ ^ ^ ^ -i^EC 6<j # -flF M # s/2 ^EC ^ ^ 

m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

#LS&0>5r^ir ' m ^ ^ " ^ ^ ^ ^ ° 
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y n p m ' _ 

-I- fi^ ii ^ - ^ ^ t # >^ ^ ^ -N(N ^ iE- «^ 

^^^^ ' 

^ * tTq JL ^ - ^ M ^ >^ ^'J ' ^ 

M t >^ ?'J ^ 'fs. it ' ifij ^ ^ - 'fg. it * ^ >^ 



3. :{ta t tt * ^'J le. ffl ^ 1 ^ ^ ^ ^ ^ ^ ^ ^ 

o 

4. :!(o t #'J 1^ SI ^ 1 ^ ^ ^ ® ^ 

>^ ^ *t a ;^ >fc ' ^ t ^s. it t ^ ^'J « - ^ ^ 

EJ -I- m f!. » 

;^ ^ *t a ^ >ir ♦ ^ t ^ M W # >^ ^'J ^ ' ^ 

J. -fg. it f- # >^ ^'J ^ ^ ^ ^ " ^ ^ ^ ^ ^ ° 

.ff 4 ?'J ^ ^ m M # 6^ 1 / ( 2N ) ^ - 

7 . :{to t tt * #'J le. gl ^ 1 ^ ^ ^ ® ^ ^ 
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8 . :j(o t tt # #'J Ie. S ^ 1 ^ ^ ^ ^ 

' ^ ^ m ^ ^ B % ^ m ^ w^m^m m 

^ # T # ^ : 

lN'^iii^fe^-|->^'l^^^ - ^ /V t >^ ^ ^ -N(N ^ 

JL ^ it) -f^ Fl- M ^ 

*^ M f- >^ ^ 'fS. it it ' >i- i — 'le. it # >^ 

10. *»ttf*^>JM.®^9:^mit^P|-'fe.iii«S^-^>^'l^ 

m ^ ^ ° 
m ^ » 

— ii ^ -I- m « 

13. :Jjo t tt * ^f'J le. ® ^ 9 idL ^ 1^ ^e. ii Jffe ^ -I- >S 1^ 

n t ^ ^ it @ ^ >fe ' ^ t sr^ ^ M * # >^ 'fe. it >t 
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>^ ' ifq ^ ^ 'fg. it t ^14 ^ # ^ ffl - 'fS. it j4 i*- it * 

it ^ » _ 

14. t * ^'J le. S ^ 1 3 it ^ 1^ -fe^ ^ ^ 
m. J3^L ^ # m it jiL ^ - 
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